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Abstract 
Drug combination therapy can increase the financial burden of treatment, especially for patients who 
cannot afford expensive drugs. This study aims to evaluate the sub-chronic effect of Moringa oleifera 
seed extract (MOE) in combination with metformin (MTF) in rats. The combination (MOE 250mg/kg 
+ MTF 125mg/kg, MOE 500mg/kg + MTF 125mg/kg, MOE 1000mg/kg + MTF 125mg/kg and MTF 
125mg/kg alone) was administered orally and daily to rats for 28-days. Thereafter, toxicological 
parameters were evaluated. The combination did not significantly alter body weights of the animals. 
Hematological analysis showed a significant (p < 0.05) decrease in lymphocyte count in male rats at 
MOE 500mg/kg + MTF 125mg/kg, MOE 1000mg/kg + MTF 125mg/kg and MTF 125mg/kg alone. 
The combination increased (p ≤ 0.05) urea levels in female rats at MOE 250mg/kg + MTF 125mg/kg 
and in male rats at MOE 250mg/kg + MTF 125mg/kg, MOE 500mg/kg + MTF 125mg/kg. An increase 
in sodium levels was observed in MOE 1000mg/kg + MTF 125m/kg combination and MTF 125mg/kg 
alone in both female and male rats. This combination did not produce any significant (p > 0.05) 
alterations in hepatic parameters in both female and male rats across all groups with the exception of 
female group administered MOE 500mg/kg + MTF 125mg/kg, which caused an increase in ALP 
(alkaline phosphatase). However, slight renal and hepatic necrosis was observed in groups administered 
MOE 500mg/kg + MTF 125mg/kg, MOE 1000mg/kg + MTF 125mg/kg and MTF 125mg/kg alone. 
The findings acquired indicate that the combination is comparatively not toxic in rats. However, 
combination should be used at the right dose with caution for long term administration to prevent 
significant organ damage. 
 
Keywords: Moringa oleifera, Metformin, Combination therapy, Sub-chronic toxicity, 
Toxicological studies 
 
 
INTRODUCTION 
Drug combination therapy refers to the practice of combining two or more drugs to treat 
certain disorders in the hope of achieving better therapeutic results (Jun-Xu, 2019). It can act 
on multiple targets, control blood sugar and synergistically manage diabetes through various 
mechanisms and pathways, which may compensate for the limitations of monotherapy and 
help patients achieve better blood glucose control. Combining multiple drugs, makes it 
possible to reduce the dosage of individual drugs, thus decreasing the toxicity and adverse 
reactions associated with medication (Xie et al., 2023). 
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Many drugs may interact with each other, resulting in changes or reductions in drug efficacy, 
or even increased drug toxicity. From a cost perspective, drug combination therapy requires 
the use of multiple drugs simultaneously, which increases the financial burden of treatment, 
especially for patients who cannot afford expensive drugs (Xie et al., 2023). However, 
combinations with herbal drugs can significantly reduce this burden (Bashir et al., 2025). 
 
A clinical study in 2012 concluded that herbal drugs used alone were relatively safe, but the 
risk for adverse reactions may increase when herbal and conventional drugs are taken 
concurrently. The results indicated a 2.3% incidence of liver injury in the combined group of 
Korean patients (Jeong et al., 2012). It is currently acknowledged that a large population of 
people depend on medicinal plants to treat diseases, which is mainly due to ancestral 
knowledge and reduced cost (Mthiyane et al., 2022). This leads to the use of herbal and 
orthodox medicine simultaneously. It is thus important for plants to be evaluated for their 
toxicity (Mthiyane et al., 2022) when used in combination with orthodox drugs.   
 
Moringa oleifera (MO), known popularly as drumstick tree, is a tropical plant grown for its 
nutritious leafy-greens, flower buds, and mineral-rich green fruit pods. It is referred to as 
"nontoxic" and "non side effect" plant, but some studies have discovered that genotoxicity has 
been recorded with high doses of Moringa leaf and seed extracts. Some studies have shown 
that supplemental dosages appear to be safe from tested toxicity but a relatively small increase 
such as 3-4 times the recommended doses is known to cause genotoxic damage and may 
promote cancer formation whereas doses higher than that can cause overt organ damage 
mostly liver and kidneys (Odumeru et al., 2023).  
 
MO is a common medicinal plant used due to its numerous medicinal properties. Its leaves 
and seeds has been found to have better antihyperglycemic effects when used in combination 
with metformin than metformin alone (Idakwoji et al., 2015; Bashir et al., 2025). However, there 
is little information about its toxicity profile when used in combination with metformin. 
  
The crude extract of MO effectively reduced the levels of liver enzymes Asparte amino 
transferases, indicating its ability to cause liver injury (Sowunmi and Gonzo, 2023). However, 
there are studies that found possible synergistic protective effect of ethanolic leaf extract of 
MO combination with metformin on organs, with possible improvement  of hepatic and renal 
diseases associated with diabetes (Adejoh et al., 2015).  
 
It is important to know how repeated use of MO seeds and metformin combination will affect 
the liver and other organs of the body. Previous studies have shown the combination of MO 
leaves and metformin to be relatively safe (Idakwoji et al.,2015). However, reports on 
combining the seeds with metformin is absent. This study aims to evaluate the sub-chronic 
toxic effect of MO seed extract in combination with metformin in rats. 
 
MATERIALS AND METHODS 
 
Collection of plant materials 
Male and female rats weighing 125-175g were gotten from the animal house located in the 
Department of Pharmacology and Toxicology, Kaduna State University. The animals were 
kept in properly ventilated plastic cages in a conducive laboratory environment and provided 
standard laboratory animal food (Ultima finisher feed) and water ad libitum. They were 
treated in accordance with the National Institute of Health (NIH) Guide for the care and use 
of Laboratory Animals (Production No. 85-23, revised, 1996) and approved Institutional 
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Research and Ethical Committee (Protocol Number; DPTAC/IVT-IVV/01500021). All 
experimental procedures were reviewed and approved by the University Animal Ethics 
Committee, Faculty of Pharmaceutical Sciences Kaduna State University, Kaduna. 
 
Preparation of seed extract 
The seeds of Moringa oleifera were cleaned and shade-dried for four weeks. The seeds were 
crushed using a mortar and pestle and sieved into a fine powder. The powdered seeds were 
macerated in 1.5 liters of 70% v/v ethanol in a closed container, at room temperature and 
shaken periodically for 14 days. It was filtered using a filter paper and the filtrate was 
transferred into an evaporating dish and oven-dried at 50℃. The extract was weighed, stored 
in an air tight container and labelled as Moringa oleifera extract (MOE). It was stored in a 
desiccator until required for the main experiment. 
 
Sub-acute Toxicity Studies 
The study was performed in compliance with Organization for Economic Cooperation and 
Development’s (OECD) guidelines for repeated dose 28-day oral toxicity studies in rodents 
(OECD 407, 2008). Fifty rats were shared into 5 groups of 10 rats with five males and five 
females in each group. Group 1 was the control and was given distilled water (1ml/kg). 
Group 2 were given ethanol extract of MO seeds (250 mg/kg) and metformin (125 mg/kg). 
Group 3 were given ethanol extract of MO seeds (500 mg/kg) and Metformin (125 mg/kg). 
Group 4 were given ethanol extract of MO seeds (1000 mg/kg) and Metformin (125 mg/kg), 
the fifth group were given Metformin (125 mg/kg) only. The administration was done orally 
and daily for 28 days. The body weight of each rat was observed and monitored on the 0-day, 
7th day, 14th day, 21st day and 28th day. On the 28th day the rats were fasted overnight and 
anaesthetized with halothane inhalation in a jar containing cotton soaked with halothane on 
the 29th day. Animals were then sacrificed. Their organs were harvested and blood sample 
was collected for further investigations. 
 
Determination of relative organ weight 
The, Liver, Kidneys, Brain, Ovaries, Testes, were isolated and weighed. The relative organ 
weight was determined using the formula below; 
Relative organ weight (%) = Weight of organ (g)    X  100   
                                                 Final weight of rat (g) 
 
Evaluation of hematological parameters 
Portion of the blood samples were collected into EDTA bottles to prevent coagulation. These 
samples were then analyzed for levels of white blood cells (WBC), lymphocytes (LYMP), mid-
sized white blood cells (MID), granulocytes (GRA), red blood cells (RBC), hemoglobin (HGB), 
hematocrit/packed cell volume PCV (HCT) and platelet count (PLT).  
 
Evaluation of electrolytes and renal biochemical parameters 
Blood samples were collected and centrifuged at 1000 rpm for 10 minutes and separated 
serum was analyzed for electrolytes and biochemical parameters related to the kidneys such 
as Creatinine, Urea, Sodium, Potassium, Chlorine and Bicarbonate.  
 
Evaluation of hepatic biochemical parameters 
Blood samples for liver function test was collected in sample bottles and centrifuged for 10 
minutes at 3500 rpm. The serum was analyzed for liver function parameters such as Alanine 
amino Transferase (ALT), Aspartate amino transferase (ASP), alkaline phosphatase (ALP), 
Albumin (ALB), Total bilirubin (TB) and Total protein (TP). 



Sub-Chronic Toxicity Study of Ethanol Seed Extract of Moringa oleifera Lam. Combination with Metformin in 

Rats 

 

Bashir A.I.J. et al., DUJOPAS 11 (2b): 176-190, 2025                                                                                    179 

 

Histopathology 
The livers and kidneys were fixed for 10 days in 10% formaldehyde. They were then 
dehydrated, cleared and infiltrated with paraffin wax. Then, the organs were embedded and 
sectioned. Five – micrometer sections of the organs were made with the aid of microtome, 
kept on the slide and was stained with hematoxylin and eosin. The sections were then viewed 
under a microscope for histomorphological lesions (Arthur and John, 1978). 
 
Statistical analysis 
Data evaluation was done with the aid of SPSS software (version 20) and was presented as 
mean ± standard error of the mean (S.E.M). Variations between means were examined by one 
way ANOVA and repeated measure ANOVA, followed an appropriate post hoc test. Values 
of p ≤ 0.05 were considered statistically significant. The results were presented in charts and 
tables where applicable 
 
RESULTS AND DISCUSSION 
The percentage yield of the ethanolic extract to Moringa oleifera was calculated to be 13.25% 
The daily oral administration of MOE in both male and female groups did not cause visible 
changes in their fur, skin and locomotory behaviors. However, one death was recorded in the 
female group that received 1000mg/kg MOE and 125mg/kg metformin combination on the 
6th day of the study. 
 
The daily administration of MOE and metformin combination did not produce any significant 
change in body weights relative to the control (p > 0.05). However, the female group that was 
administered metformin alone produced a significant change on day 14 (Fig 1A). 
Notwithstanding, the individual groups in both females and males of different doses 
produced an increase in body weight overtime compared to day 0 (Fig 1A, 1B). 
 

 
 
 
Fig. 1 Effects of 28-days study administration of MOE + metformin and metformin alone on body weight. Values 
are mean ± SEM. p < 0.05, compared to day 0-repeated measures ANOVA and Benferroni post hoc test, n=5 (female, 
A or male, B), D/W=distilled water, MOE250+MTF125=Moringa oleifera seed extract (250mg/kg) and metformin 
(125mg/kg), MOE500+MTF125= Moringa oleifera seed extract (500mg/kg) and metformin (125mg/kg), 
MOE1000+MTF125= Moringa oleifera seed extract (1000mg/kg) and metformin (125mg/kg), MTF125= metformin 
(125mg/kg) alone 

 
The daily oral administration of MOE and metformin combination for 28 days (Table 1) did 
not produce significant changes in the relative organ weights of the male rats. However, there 
was a significant increase (p ≤ 0.001) in relative weight of the liver, kidney and brain for the 
female group (Table 1) that was administered MTF 125mg/kg alone. There was also a  
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significant increase (p < 0.001) in relative weight of the brain in female group administered 
higher dose MOE 1000 mg/kg and MTF 125mg/kg  combination.  
 
Table 1 Effect of 28-days administration of MOE + Metformin in comparison to metformin 
alone on relative organ weight 

 
Values are mean±SEM; One way ANOVA and Bonferroni post hoc test, n=5 (male or Female)  
D/W=distilled water, MOE250+MTF125mg/kg=Moringa oleifera seed extract (250mg/kg) and metformin 
(125mg/kg), MOE500+MTF125mg/kg= Moringa oleifera seed extract (500mg/kg) and metformin (125mg/kg), 
MOE1000+MTF125mg/kg= Moringa oleifera seed extract (1000mg/kg) and metformin (125mg/kg), 
MTF125mg/kg= metformin (125mg/kg) alone 

 
The oral administration of MOE and metformin combination did not produce any significant 
(p > 0.05) alterations in hematological parameters in females and males across all groups with 
the exception of the male groups treated with MOE 500 mg/kg in combination with MTF 125 
mg/kg, MOE 1000 mg/kg in combination with MTF 125 mg/kg and MTF 125 mg/kg alone, 
which produced a significant (p < 0.05) decrease in the level of LYMP (lymphocytes). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 Effects of 28-days administration of MOE + Metformin and Metformin alone on 
hematological indices  

 Treatment (mg/kg)   

Parameters (%) D/W 1 mL/kg  MOE 250 + 

MTF 

125mg/kg  

MOE 500 + 

MTF 

125mg/kg 

MOE 1000 + 

MTF 

125mg/kg 

MTF 

125mg/kg 

Female       

Kidney  0.97±0.08 0.92±0.06 1.12±0.09 1.05±0.04 1.33±0.07 * 

Liver  3.30±0.25 3.74±0.26 4.54±0.44 4.07±0.09 6.09±0.41*** 

Ovaries  0.58±0.05 1.25±0.21* 1.05±0.21 0.57±0.07 0.66±0.14 

Brain  0.46±0.04 0.66±0.08 1.00±0.10** 1.49±0.10*** 1.38±0.14*** 

Male       

Kidney  1.09±0.11 0.99±0.10 1.05±0.06 1.20±0.03 1.36±0.07 

Liver  4.58±0.42 3.18±0.37 3.87±0.24 3.95±0.19 5.32±0.40 

Ovaries  2.82±0.24 1.57±0.18 1.92±0.04 1.89±0.26 1.91±0.12 

Brain  1.03±0.07 0.93±0.04 1.09±0.18 0.86±0.09 1.16±0.12 
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Values are mean±SEM D/W distilled water, MOE Moringa oleifera extract, MTF metformin,  WBC white blood 
cells, LYMP lymphocytes, GRA granulocytes, MID mid cells, PLT platelet, RBC red blood cells, HGB hemoglobin, 
HCT hematocrit/packed cell volume PCV 
 * p < 0.05 compared to D/W group—one-way ANOVA and Bonferroni test, n=5 (male or female). 
MOE250+MTF125mg/kg=Moringa oleifera seed extract (250mg/kg) and metformin (125mg/kg), 
MOE500+MTF125mg/kg= Moringa oleifera seed extract (500mg/kg) and metformin (125mg/kg), 
MOE1000+MTF125mg/kg= Moringa oleifera seed extract (1000mg/kg) and metformin (125mg/kg), 
MTF125mg/kg= metformin (125mg/kg) alone 

 
The oral administration of MOE and metformin combination did not produce significant 
alteration of renal indices except for in urea and sodium levels (p < 0.05). This increase in urea 
levels was  observed in female rats at MOE 250 + MTF 125mg/kg and in male rats at MOE 
250 + MTF 125mg/kg and MOE 500 + MTF 125mg/kg. Increase in sodium levels was seen in 
MOE 1000 + MTF 125m/kg combination and MTF 125mg/kg alone in both female and male 
rats (Table 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Treatment (mg/kg)  

Parameters  Units D/W 

1 mL/kg  

MOE 250 + 

MTF 

125mg/kg  

MOE 500 + 

MTF 

125mg/kg 

MOE 1000 

+ MTF 

125mg/kg 

MTF 

125mg/kg 

Female        

WBC                            (× 103 /µL) 4.82±0.31 5.38±0.48 5.00±0.56 4.92±0.57 3.74±0.15 

LYMP        (× 103 /µL) 6.06±0.13 6.4±0.16 6.6±0.13 6.58±0.14 6.44±0.22 

MID         (× 103 /µL) 0.9±0.30 0.54±0.22 0.6±0.22 0.78±0.23 1.1±0.12 

GRA        (× 103 /µL) 2.6±0.22 2.6±0.18 2.68±0.17 2.6±0.11 2.5±0.12 

RBC                (× 106 /µL) 5.1±0.45 5.22±0.50 5.26±0.36 5.08±0.30 5.46±0.22 

HGB           (g/dL) 11.14±0.51 11.36±0.57 11.9±0.58 11.86±0.58 12.14±0.39 

HCT    (%) 33.6±1.96 35.4±1.91 36±1.64 36.4±1.69 36.00±1.22 

PLT (× 103 /µL) 166.2±15.45 151.4±16.42 153.00±15.89 151.2±15.01 135.2±5.63 

Male        

WBC                            (× 103 /µL) 5.1±0.49 4.02±0.26 4.12±0.21 4.64±0.34 4.94±0.29 

LYMP            (× 103 /µL) 6.7±0.13 6.38±0.20 6.04±0.19* 5.96±0.10* 6.06±0.13* 

MID            (× 103 /µL) 0.82±0.25 1.18±0.12 1.2±0.23 1.12±0.26 0.9±0.30 

GRA        (× 103 /µL) 2.44±0.15 2.62±0.13 2.58±0.16 2.52±0.17 2.6±0.22 

RBC                (× 106 /µL) 5.26±0.36 5.5±0.21 5.26±0.33 5.48±0.45 5.06±0.43 

HGB           (g/dL) 12.38±0.73 12.56±0.44 11.84±0.58 11.4±0.65 11.48±0.48 

HCT    (%) 37.6±2.29 37.2±1.32 34.6±1.97 34.6±2.16 34.2±1.69 

PLT (× 103 /µL) 145.4±13.46 147.6±11.33 138.2±9.01 144.4±13.99 158.0±18.03 

 



Sub-Chronic Toxicity Study of Ethanol Seed Extract of Moringa oleifera Lam. Combination with Metformin in 

Rats 

 

Bashir A.I.J. et al., DUJOPAS 11 (2b): 176-190, 2025                                                                                    182 

 

Table 3 Effect of 28-day administration of MOE + metformin and metformin alone on renal 
indices and electrolytes 

 
 
Values are mean±SEM D/W distilled water, MOE Moringa oleifera extract, MTF metformin,  *p<0.05 compared to 
D/W group—one-way ANOVA and Bonferroni test, n=5 (male or female). MOE250+MTF125mg/kg=Moringa 
oleifera seed extract (250mg/kg) and metformin (125mg/kg), MOE500+MTF125mg/kg= Moringa oleifera seed 
extract (500mg/kg) and metformin (125mg/kg), MOE1000+MTF125mg/kg= Moringa oleifera seed extract 
(1000mg/kg) and metformin (125mg/kg), MTF125mg/kg= metformin (125mg/kg) alone 
 

The oral administration of MOE and metformin combination did not produce any significant 
(p > 0.05) alterations in hepatic parameters in both female and male rats across all groups with 
the exception of female group administered MOE 500 + MTF 125mg/kg, which caused an 
increase in ALP (alkaline phosphatase) as compared to the negative control (Table 4). 

Treatment 

(mg/kg) 

Urea 

(mmol/L) 

Creatinine 

(µmol/L) 

Sodium 

(mmol/L) 

Chloride 

(mmol/L) 

Potassium 

(mmol/L) 

Bicarbonate 

(mmol/L) 

 

Female 

      

 

D/W 

1mL/kg  

 

62.2±8.21 

 

0.92±0.10 

 

173.4±5.46 

 

44.2±2.80 

 

14.7±1.36 

 

82±3.72 

 

 

MOE 250 

+ MTF 

125mg/kg 

 

108±7.56* 

 

1.06±0.07 

 

190.7±6.40 

 

43.6±6.66 

 

17.04±1.37 

 

117.8±17.60 

 

MOE 500 

+ MTF 
125mg/kg 

 

78±6.04 

 

0.92±0.07 

 

200.14±8.23 

 

45.8±7.45 

 

13.64±0.72 

 

91.8±9.48 

 
MOE 

1000 + 

MTF 

125mg/kg 

 
58±10.91 

 
1.02±0.09 

 
223.72±6.10** 

 
39.6±2.22 

 
11.34±0.33 

 
94.2±2.92 

 

MTF 

125mg/kg 

 

70.6±8.50 

 

0.96±0.12 

 

219.92±12.2** 

 

44.4±2.99 

 

19.16±1.92 

 

100.8±5.39 

 

Male 

      

 

D/W 

1mL/kg 

 

68.2±7.19 

 

1.02±0.10 

 

168.2±5.83 

 

30.4±2.77 

 

11.8±0.79 

 

107.2±9.49 

 

MOE 250 
+ MTF 

125mg/kg 

 

105.8±7.08** 

 

1.16±0.14 

 

186.42±7.08 

 

45±5.40 

 

16.72±6.97 

 

94.4±7.68 

 

MOE 500 
+ MTF 

125mg/kg 

 

108±4.06** 

 

1.1±0.16 

 

188.38±4.00 

 

50.8±5.35 

 

14.58±2.22 

 

97±3.95 

 

MOE 

1000 + 

MTF 

125mg/kg 

 

68±5.61 

 

0.96±0.14 

 

205.5±9.37* 

 

47.6±10.66 

 

 

8.2±1.00 

 

92.6±9.87 

 

MTF 

125mg/kg 

 

71±3.32 

 

1.14±0.16 

 

222.38±12.18** 

 

45.4±3.67 

 

9.2±1.87 

 

100.6±7.42 
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Table 4 Effect of 28-days administration of MOE + metformin and metformin alone  on 
hepatic indices

 
Values are mean±SEM D/W distilled water, MOE Moringa oleifera extract, MTF metformin,  ALP alkaline 
phosphatase, ALT alanine amino transferase, AST aspartate amino transferase, TP total protein, ALB albumin 
*p<0.05 compared to D/W group—one-way ANOVA and Bonferroni test, n=5 (male or female). 
MOE250+MTF125mg/kg=Moringa oleifera seed extract (250mg/kg) and metformin (125mg/kg), 
MOE500+MTF125mg/kg= Moringa oleifera seed extract (500mg/kg) and metformin (125mg/kg), 
MOE1000+MTF125mg/kg= Moringa oleifera seed extract (1000mg/kg) and metformin (125mg/kg), 
MTF125mg/kg= metformin (125mg/kg) alone 

 
Histological examination of kidney sections showed slight to moderate morphological 
changes in all groups administered combination of MOE and metformin. MOE 250 + MTF 
125mg/kg combination treated group showed slight tubular necrosis, glomerular necrosis 
and hyperplasia of inflammatory cells while MOE 500 + MTF 125mg/kg treated group only 
showed slight tubular necrosis and hyperplasia of inflammatory cells. MOE 1000 + MTF 
125mg/kg treated group showed moderate tubular necrosis and MTF 125mg/kg alone 
treated group showed slight tubular necrosis and hyperplasia of inflammatory cells (Fig. 2). 

Treatment (mg/kg) ALT (IU/L) AST (IU/L) ALP (IU/L) TP (g/dL) ALB(g/dL) 

Female       

D/W 1 mL/kg 48±4.10 42.2±6.41 39.3±5.80 17.86±2.54 3.42±0.17 

MOE 250 + MTF 

125mg/kg 
55.8±4.66 

53±14.27 63.02±7.71 17.9±5.82 3.06±0.32 

MOE 500 + MTF 

125mg/kg  

48.4±4.4 43±5.89 74.98±10.95* 17.3±1.07 2.96±0.10 

MOE 1000 + MTF 

125mg/kg 

49.4±1.03 39.6±3.22 46.06±2.76 15.92±1.02 
3.1±0.29 

MTF 125mg/kg 54.6±3.30 49.2±10.32 31.14±1.92 15.58±1.37 2.84±0.09 

Male       

D/W 1 mL/kg 53.6±4.50 40.00±13.75 32.42±5.70 18.5±2.18 3.24±0.27 

MOE 250 + MTF 

125mg/kg 

46.00±3.16 44.4±6.11 54.22±13.95 15.32±1.40 3.2±0.27 

MOE 500 + MTF 

125mg/kg  

47.2±3.64 30.8±5.00 67.96±15.14 16.08±1.50 2.82±0.10 

MOE 1000 + MTF 

125mg/kg 

47.6±4.91 39.4±4.30 56.62±12.27 
10.12±1.70 

2.8±0.09 

MTF 125mg/kg 54.6±3.12 52.6±8.82 38.8±5.85 15.62±1.30 2.74±0.19 
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Fig. 2  Photomicrograph of the kidney sections of rats administered the combination of MOE + metformin and 
metformin alone for 28 days. (A) Treated with Distilled water 1mL/kg (B) Treated with MOE 250mg/kg and metformin 
125mg/kg (C) Treated with MOE 500mg/kg and metformin 125mg/kg (D) Treated with MOE 1000mg/kg and 
metformin 125mg/kg (E) Treated with metformin 125mg/kg alone. G=NORMAL GLOMERULAR, T=NORMAL 
TUBULES, GN=GLOMERULAR NECROSIS, TN=TUBULAR NECROSIS, LH =HYPERPLASIA OF INFLAMMATORY 
CELLS (Magnification X400). Stained with hematoxylin and eosin. 

 
Histological examination of liver sections showed slight morphological changes in all groups 
administered combination of MOE and metformin. The group of rats treated with distilled 
water  and MOE 250 mg/kg + metformin 125 mg/kg showed normal hepatocytes. MOE 500 
mg/kg + MTF 125 mg/kg treated group showed slight hepatic necrosis, hyperplasia of 
inflammatory cells and nuclei hypertrophy while MOE 1000 mg/kg + MTF 125 mg/kg treated 
group showed slight hepatic necrosis and lastly, the MTF 125 mg/kg alone treated group also 
showed slight hepatic necrosis (Fig. 3). 
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Fig. 3 Photomicrograph of the liver sections of rats administered the combination of MOE + metformin and 
metformin alone for 28 days. (A) Treated with Distilled water 1mL/kg (B) Treated with MOE 250mg/kg and 
metformin 125mg/kg (C) Treated with MOE 500mg/kg and metformin 125mg/kg (D) Treated with MOE 
1000mg/kg and metformin 125mg/kg (E) Treated with metformin 125mg/kg alone. HN = HEPATIC NECROSIS 
(Magnification ×400). Stained with hematoxylin and eosin. 

 
The safety profile of a plant extract is highly important during the discovery of new 
biologically active compounds and determination of their efficacy (Rehman et al., 2022). Some 
medicinal plants are intrinsically toxic in terms of their phytochemicals which may result to 
adverse effects if not used correctly (Zhuo et al., 2020). Therefore, a safety evaluation of herbal 
medicines is necessary to identify their possible toxic effects and ensure their safety 
(Niyomchan et al., 2023). 
 
To safeguard humans from toxicity of drugs, toxicity study is carried out on the drugs based 
on the standard protocols from regulatory bodies (Anwar et al., 2021b). Studies have shown 
doses of MO considered safe for human consumption and an increase such as 3-4 times the 
recommended human doses of 1,600 – 3,600 mg for a 70 – 115 kg person is known to cause 
organ damage mostly hepatotoxicity and may promote cancer formation (Asare et al., 2012; 
Fahey, 2015; Odemeru et al., 2023). 
 
The acute toxicity study demonstrated that MO has an LD50 value of  >5000mg/kg, which 
suggest that the seed extract is safe in rats when administered orally (Bashir et al., 2025). The 
low toxicity profile is due to the multiple bioactivities of the plant such as an anti-diabetic, 
cardio protective, hepatoprotective, cytotoxic, neuroprotective, antimicrobial (Dhakad et al., 
2019; Popoola et al., 2020). 
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It has been established that the rate of death in toxicological studies gives key information on 
the safety of plants (Kale and Awodele 2016; Abubakar et al., 2023). Only one death was 
recorded during the 28 days of the study, in the female group treated with MOE 1000 mg/kg 
+ MTF 125 mg/kg which indicates that the combination is well tolerated in rats. 
 
There was no significant difference in body weights of the rats in the other groups when 
compared to the control. However, there was a positive increase in body weight of the rats 
over time. Furthermore, there was a significant increase in body weight in the female group 
that was treated with metformin alone on the day 14. The increase in the body weight of rats 
might be due to MO being rich in amino acids, vitamins and minerals especially iron 
(Ekundina et al., 2015). Thus, MO in addition to the feeds and water may be responsible for 
weight gain (Kim et al., 2018; Odumeru et al., 2023).  
 
There was a significant increase (p ≤ 0.01) in relative weight of the liver, kidney and brain for 
the female groups that were administered MTF 125mg/kg alone. In contrast, this increase in 
organ weight was not observed in the female groups treated with a combination of MOE, 
which suggests MO lends its cytoprotective activity to the combination (Bagri et al., 2024). In 
addition, increase in the size of the brain in female group treated with MOE 500 mg/kg + MTF 
125 mg/kg, MOE 1000 mg/kg + MTF 125 mg/kg and MTF 125 mg/kg only but significantly 
higher in group MOE 1000 mg/kg + MTF 125 mg/kg was observed. This could be due to the 
neuroprotective activity of MO (Cuschieri et al., 2023). No significant changes in organ weight 
was observed in the male rats. 
 
Several hematological parameters can reflect the inflammatory response and platelet 
activation in a biological system (Ruiz-Arias et al., 2023). These hematological parameters refer 
to blood components such as hemoglobin, hematocrit/packed cell volume, red blood cells, 
white blood cells, and related indices like mean cellular volume, mean cellular hemoglobin, 
and mean cellular hemoglobin concentration. They are commonly examined to assess 
physiological and pathological changes induced by toxic stress in organisms (Teixeira et al., 
2011). There were no significant alterations in hematological indices across the treatment 
groups, except for a significant decrease in lymphocytes (LYMP) observed in the male groups 
that were administered MOE 500 mg/kg + MTF 125 mg/kg, MOE 1000 mg/kg + MTF 125 
mg/kg and MTF 125 mg/kg only. These findings could demonstrate impairment in the 
immune response since lower CD4+ in males would provide less help to B cells in terms of 
antibody production (Teixeira et al., 2011). 
 
The kidneys play a vital role in excreting waste products and toxins, such as urea and 
creatinine. They also regulate electrolyte concentrations and extracellular fluid volume. Renal 
function tests are useful for identifying the presence of renal disease and monitoring the 
response of kidneys to treatment (Gounden et al., 2024).  A rise in serum creatinine levels 
indicate renal impairment at a relatively late stage. In fact, renal function is decreased by up 
to 50% before a rise in serum creatinine is observed. Urea levels also increase in renal 
impairment and failure (Gounden et al., 2024). However, in this study, creatinine levels did 
not change in any of the groups. There was a significant increase in urea levels in  MOE 
250mg/kg + MTF 125mg/kg and MOE 500mg/kg + 125mg/kg treated rats for both males 
and females group. Interestingly, this increase in urea levels was not observed in both male 
and female groups treated with a higher dose of MOE 1000mg/kg + 125mg/kg. Thus, MOE 
has a potential protective effect on the kidneys (Putri et al., 2023). Sodium levels increased 
significantly in MOE 1000mg/kg + MTF 125mg/kg groups in both male and female rats. 
Chloride levels remained stable across all groups while a non-significant decrease was 
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observed in potassium levels in groups administered MOE 1000mg/kg + MTF 125mg/kg 
groups. These electrolyte imbalances observed could indicate mild metabolic effect in higher 
doses. 
 
Histological evaluation of the kidneys in all groups showed slight tubular necrosis and 
hyperplasia of inflammatory cells. This suggest mild injury to the kidneys, which may be an 
indication that both metformin and MO could have slight nephrotoxic effects with higher 
doses or with prolonged use. 
 
The liver is mainly associated with metabolism of drug, thus, assessing the liver function is of 
great importance in the toxicity profiling of plant extracts and/or drugs. Liver function tests 
may greatly depict the signs of toxicity induced by the plants extract and/or drug (Rehman 
et al., 2022). Increase in the level of hepatic enzymes like Alanine aminotransferases (ALT), 
Asparte aminotransferases (AST), Alkaline phosphatase (ALP) indicates liver toxicity (Yu et 
al., 2017; Bashir et al., 2023). In this study, elevated level of ALP in both female and male rats 
in group MOE 250mg/kg + MTF 125 mg/kg, MOE 500 mg/kg + MTF 125 mg/kg, MOE 1000 
mg/kg + MTF 125 mg/kg was observed. However, this increase was significantly higher in 
the female group that was administered MOE 500mg/kg + MTF 125 mg/kg combination. 
There were no significant changes in AST and ALT levels across all groups. Similarly, there 
was a slight but insignificant decrease in total protein and albumin levels in all groups when 
compared to the control group. Significantly low levels of total proteins in the blood indicates 
hepatotoxicity (Ike et al., 2016). 
 
Histological evaluation of the liver for each group of rats showed that there was slight 
hepatocyte death  (hepatic necrosis) in all the groups except the control group which was 
administered distilled water 1ml/kg and the group that was administered low dose of MOE 
250 mg/kg + MTF 125 mg/kg. This correlates with the study that observed herb-drug 
interactions may increase the risk of liver injury (Jeong et al., 2012). 
 
CONCLUSION 
During the 28-day study, it can be concluded that administration of Moringa oleifera seed 
extract (MOE) in combination with metformin produced no marked changes in hematological, 
renal  and liver function parameters but slight renal and hepatic necrosis in higher doses. The 
combination should be used at the right dose and with caution for long term administration 
to prevent severe or significant kidney and liver damage.  
 
It is recommended that long term (chronic) toxicity studies should be conducted to assess 
safety over extended periods. Furthermore, clinical trials should be conducted to validate 
findings in human subjects coupled with increased public awareness on potential herb-drug 
interactions. 
 
 
REFERENCES 
Abubakar B., Yahaya Z., Alhaji S. A., Giaze R. T. and Aminu N. (2023). Phytochemical 

screening and toxicity study of methanol stem bark extract of Prosopis Africana 
(African Mesquite) in albino wistar rat. Dutse Journal of Pure and Applied Sciences, 9:117-
126. https://dx.doi.org/10.4314/dujopas.v9i2b.13 

Adejoh I. P., Salawu O. A., Maiha B. B., Ifeoma O., Tijani A. Y. (2015). Assessment of 
biochemical and histopathological changes in diabetic wistar rats co-administered 

https://dx.doi.org/10.4314/dujopas.v9i2b.13


Sub-Chronic Toxicity Study of Ethanol Seed Extract of Moringa oleifera Lam. Combination with Metformin in 

Rats 

 

Bashir A.I.J. et al., DUJOPAS 11 (2b): 176-190, 2025                                                                                    188 

 

ethanolic leaf extract of Moringa oleifera and metformin. International journal of Biological 
& Pharmaceutical Research, 6(12):1008-1019.  

Anwar F., Saleem U., Rehman A.U., Ahmad B., Froeyen M., Mirza M. U., et al. (2021b). 
Toxicity evaluation of the naphthalen-2-yl 3, 5-dinitrobenzoate: A drug candidate for 

alzheimer disease. Frontiers in Pharmacology, 12:607026. 
https://doi.org/10.3389/fphar.2021.607026 

Arthur S. J. and John B. (1978). A colour atlas of histopathological staining techniques. Wolf 
 MED. Pub. Ltd., London, pp 14-20.   

Asare G. A, Gyan B., Bugyei K., Adjei S., Mahama R., Addo P., Out-Nyarko L., Wiredu E. 
K. and Nyarko A. (2012). Toxicity potentials of the nutraceutical Moringa oleifera at 

supra-supplementation levels. Journal of Ethnopharmacology, 139(1):265-272. 
https://doi.org/10.1016/j.jep.2011.11.009 

Bagri P., Kumar V. and Batra K. (2024). Assessment of cytoprotective and genoprotective 
effects of Moringa oleifera and Tinospora cordifolia extracts in vitro. Toxicology Research, 

13(4):tfae133. https://doi.org/10.1093/toxres/tfae133 
Bashir S., Hameed H., Irshad N., Ashraf A., Faizan M., Halim S. F., Asjad H. M., Batool A. 

and  Sohail I. (2023). Hepatoprotective effect of Berberis lyceum in alpha-
naphthylisothiocyanate induced cholestatic mouse models. Journal of Bioresource 
Management, 10(4):9. https://corescholar.libraries.wright.edu/jbm/vol10/iss4/9 

Bashir A. I-J., Isa K. A., Danbala A. A. and Borodo S. B. (2025). Acute antihyperglycaemic 
effect of the combination of metformin and ethanol extract of Moringa oleifera Lam. in 

rats. Trends in Natural Products Research, 6(1):45-53.  
https://doi.org/10.61594/tnpr.v6il.2025.120 

Cushchieri A., Camilleri E. and Blundell R. (2023). Cerebroprotective effects of Moringa 
oleifera derivatives extracts against MCAO ischemic stroke: A systemic review and 

meta-analysis. Heliyon, 9(6):e16622. https://doi.org/10.1016/j.heliyon.2023.e16622 
Dhakad A. K, Ikram M., Sharma S., Khan S., Pandey V. V. and Singh A. (2019). Biological, 

nutritional, and therapeutic significance of Moringa oleifera Lam. Phytotherapy Research, 
33(11):2870–2903. https://doi.org/10.1002/ptr.6475 

Ekundina V. O., Ebeye O. A., Oladele A. A. and Osham G. O. (2015). Hepatotoxic and 
Nephrotoxic effects of Moringa oleifera extract in adult wistar rats. Journal of Natural 

Sciences Research, 5(3):110-117. 
Fahey J. W. (2015). Moringa oleifera: A review of the medicinal potential. I International 

Symposium on Moringa, 1158:209-224. 
https://doi.org/1017660/ActaHortic.2017.1158.25 

Gounden V., Bhatt H. and Jialal I. (2024). Renal Function Tests. [Updated 2024 Jul 27]. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available 

from: https://www.ncbi.nlm.nih.gov/sites/books/NBK07821/ 
Idakwoji P. A., Salawu O. A., Maiha B. B., Obidike I. and Tijani A. Y. (2015). Co- 

administration of ethanolic leaf extract of Moringa oleifera and metformin improves 
glucose, lipid and protein profiles of diabetic wistar rats. Biokemistri, 27(3):129-138. 
https://www.ajol.info/index.php/biokem/article/view/133080 

Ike C., Odiba A., Affiong E., Oluchukwu A. and Chimere U. (2016). Liver enzymes and total 
protein levels as index of hepatotoxicity of naphthalene. IOSR Journal of Pharmacy and 

Biological Sciences, 11:28-31. https://doi.org/10.9790/3008-1102022831 
Jeong T. Y., Park B. K., Cho J. H., Kim Y. I., Ahn Y. C., Son C. G. (2012). A prospective 

study on the safety of herbal medicines, used alone or with conventional medicines. 
Journal of Ethnopharmacology, 143(3):884-888. https://doi.org/10.1016/j.jep.2012.08.016 

Jun-Xu L. (2019). Combining opioids and non-opioids for pain management: current status. 
Neuropharmacology, 158:107619.  https://doi.org/10.1016/j.neuropharm.2019.04.025 

https://doi.org/10.3389/fphar.2021.607026
https://doi.org/10.1016/j.jep.2011.11.009
https://doi.org/10.1093/toxres/tfae133
https://corescholar.libraries.wright.edu/jbm/vol10/iss4/9
https://doi.org/10.61594/tnpr.v6il.2025.120
https://doi.org/10.1016/j.heliyon.2023.e16622
https://doi.org/10.1002/ptr.6475
https://doi.org/1017660/ActaHortic.2017.1158.25
https://www.ncbi.nlm.nih.gov/sites/books/NBK07821/
https://www.ajol.info/index.php/biokem/article/view/133080
https://doi.org/10.9790/3008-1102022831
https://doi.org/10.1016/j.jep.2012.08.016
https://doi.org/10.1016/j.neuropharm.2019.04.025


Sub-Chronic Toxicity Study of Ethanol Seed Extract of Moringa oleifera Lam. Combination with Metformin in 

Rats 

 

Bashir A.I.J. et al., DUJOPAS 11 (2b): 176-190, 2025                                                                                    189 

 

Kale O. E. and Awodele O. (2016). Safety evaluation of Bon-santé cleanser® polyherbal in 
male Wistar rats. BMC Complementary and Alternative Medicine, 16:1–12. 

https://doi.org/10.1186/s12906-016-1188-8 
Kim Y., Jaja-Chimedze A., Merrill D., Mendes O. and Raskin I. (2018). A 14-day repeated- 

dose oral toxicological evaluation of an isothiocyanate-enriched hydro-alcoholic 
extract from Moringa oleifera Lam. Seeds in rats. Toxicology Reports, 5:418-426. 
https://doi.org/10.1016/j.toxrep.2018.02.012 

Mthiyane F. T., Dludla P. V., Ziqubu K., Mthembu S. X. H., Muvhulawa N., Hlengwa N., 
Nkambule B. B. , Mazibuko-Mbeje S. E. (2022). A review on the antidiabetic properties 

of Moringa oleifera Extract: Focusing on oxidative stress and inflammation as a main 
therapeutic agents. Frontiers in Pharmacology, Section Ethnopharmacology, 13:940572. 
https://doi.org/10.3389/fphar.2022.940572 

Niyomchan A., Chatgat W., Chatawatee B., Keereekoch T., Issuriya A., et al. (2023). Safety 
evaluation of the polyherbal formulation NawaTab: Acute and subacute oral toxicity 

studies in rats. Evidence-Based Complementary and Alternative Medicine, 2023(1): 9413458. 
https://doi.org/10.1155/2023/9413458 

Odumeru E., Njoku C. C., Ijioma S. and Kelechi A. (2023). Acute toxicity, phytochemicals, 
and nutrient composition of Moringa oleifera leaves, a plant used as a food supplement 

in the tropical region of Nigeria. The Journal of Phytopharmacology, 12(3):164-172. 
https://doi.org/10.31254/phyto.2023.12304 

Popoola J. O., Aworunse O. S., Oyesola O. L., Akinnola O. O. and Obembe O. O. (2020). A 
systematic review of pharmacological activities and safety of Moringa oleifera. Journal 

of Herbmed Pharmacology, 9(3):174-190. https://doi.org/10.34172/jhp.2020.24 
Putri I. S., Siwi G. N., Budiani D. R. and Rezkita B. E. (2023). Protective effect of moringa 

seed extract on kidney damage in rats fed a high-fat and high-fructose diet. Journal of 
Taibah University Medical Sciences, 18(6):1545-1552. 
https://doi.org/10.1016/j.jtumed.2023.07.001 

Rehman M. H., Saleem U., Ahmad B. and Rashid M. (2022). Phytochemical and 
toxicological evaluation of Zephyranthes citrina. Frontiers in Pharmacology, Section 

Predictive Toxicology, 13:1007310. https://doi.org/10.3389/fphar.2022.1007310 
Ruiz-Arias M. A., Medina-Diaz I. M., Bernal-Hernandez Y. Y., Agraz-Cibrian J. M., 

Gonzalez-Arias C. A., Barron-Vivanco B. S…et al., (2023). Hematological indices as 
indicators of inflammation induced by exposure to pesticides. Environmental Science 
and Pollution Research, 30(7):19466-19476. https://doi.org/10.1007/s11356-022-23509-
4 

Sowunmi B. O. and Gonzo M. (2023). The effect of Moringa oleifera crude extract on liver 
cell line, HepG2. BMC Complementary Medicine and Therapies, 23(1):380. 

https://doi.org/10.1186/s12906-023-04181-8 
Teixeira D., Longo-Maugeri I. M., Santos J. F., Duarte Y. A., Labarao L. and Bueno V. 

(2011). Evaluation of lymphocyte levels in a random sample of 218 elderly individuals 
from Sao Paulo city. Revista Brasileira de Hematologia e Hemoterapia, 33(5):367-371. 
https://doi.org/10.5581/1516-8484.20110100 

Xie X., Wu C., Hao Y., Wang T., Yang Y., Cai P., et al., (2023). Benefits and risks of drug 
combination therapy for diabetes mellitus and its complications: a comprehensive 

review. Frontiers in Endocrinology (Lausanne), 14:1301093. 
https://doi.org/10.3389/fendo.2023.1301093 

Yu Y. C., Mao Y. M., Chen C. W, Chen J. J, Chen J., Cong W. M., et al., (2017). CSH 
guidelines for the diagnosis and treatment of drug-induced liver injury. Hepatology 

International, 11(3):221-241. https://doi.org/10.1007/s12072-017-9793-2 
Zhuo Z., Wan Y., Guan D., Ni S., Wang L., Zhang Z., et al. (2020). A loop‐based and AGO‐ 

https://doi.org/10.1186/s12906-016-1188-8
https://doi.org/10.1016/j.toxrep.2018.02.012
https://doi.org/10.3389/fphar.2022.940572
https://doi.org/10.1155/2023/9413458
https://doi.org/10.31254/phyto.2023.12304
https://doi.org/10.34172/jhp.2020.24
https://doi.org/10.1016/j.jtumed.2023.07.001
https://doi.org/10.3389/fphar.2022.1007310
https://doi.org/10.1007/s11356-022-23509-4
https://doi.org/10.1007/s11356-022-23509-4
https://doi.org/10.1186/s12906-023-04181-8
https://doi.org/10.5581/1516-8484.20110100
https://doi.org/10.3389/fendo.2023.1301093
https://doi.org/10.1007/s12072-017-9793-2


Sub-Chronic Toxicity Study of Ethanol Seed Extract of Moringa oleifera Lam. Combination with Metformin in 

Rats 

 

Bashir A.I.J. et al., DUJOPAS 11 (2b): 176-190, 2025                                                                                    190 

 

Incorporated virtual screening model targeting AGO‐Mediated miRNA–mRNA 
interactions for drug discovery to rescue bone phenotype in genetically modified 
Mice. Advanced Science, 7(13):1903451. https://doi.org/10.1002/advs.201903451 

 

https://doi.org/10.1002/advs.201903451

